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[57]  ABSTRACT.-^;  ^ 

A  method  and  an  apparatus  art  provided  which  can 
quantitatively  measure  the  cotrosion*inhibiting  ability 
of  thin  films  of  materials  such  as  lubricants.  A  galvanic 
cell  is  created  on  a  sensitive  surface  using  alternating 
layers  of  anodic  and  cathodic  materials  such  as  steel  and 
~opper,  which  are  electrically  isolated  by  an  imuladm 
matrix.  The  surface  is  then  coated  with  a  Him  of  the 
material  to  be  tested  which  is  then  allowed  to  drain 
therefrom.  The  surface  is  then  cooled  to  below  the  dew 
point  of  the  surrounding  environment  to  cause  conden¬ 
sation  on  the  thin  film.  The  galvanic  current  between 
the  anodic  and  cathodic  materials  is  then  monitored  for 
the  .first  indication  of  environmental  penetration 
through  the  film,  corrosion. 

25  Claim,  2  Drawing  Sheets 
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METHOD  AND  APPARATUS  FOR  MEASURING 
CORROSION  BENEATH  THIN  FILMS 

STATEMENT  OF  GOVERNMENT  INTEREST  3 

The  in  vent  ion  described  herein  ouy  be  manufactured 
and  used  by  and  for  the  Government  of  the  United 
States  of  America  for  governmental  purposes  without 
the  payment  of  any  royalties  thereon  or  therefor.  ]Q 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  generally  to  a  method  and  an 
apparatus  for  measuring  corrosion  and  more  particu¬ 
larly  to  a  method  and  an  apparatus  for  measuring  the 
corrosion  beneath  thin  films  of  material. 

The  destructive  effects  of  corrosion  are  well  known' 
and  efforts  to  mmhnire  those  effects  are  ongoing.  The 
nival  aircraft-carrier  environment  is  a  particularly  cor¬ 
rosive  ooe,  with  sulfor  from  aircraft-carrier  stack  gases  20 
combining  with  sea  spray  to  provide  a  hostile  environ¬ 
ment  which  undermines  the  structural  integrity  of  naval 
aircraft  Corrosion  of  aircraft  hydraulic  pistons,  engine 
components,  and  bearings  it  a  particularly  ttrioua  prob¬ 
lem.  The  corrosion  protection  of  such  parts  relies  23 
greatly  on  the  formation  and  stability  of  thin  lubricant 
films  which  remain  on  the  metal  surfaces  after  the  lubri¬ 
cant  drains,  and  act  as  barriers  to  the  hostile  environ¬ 
ment  The  corrosion-inhibiting  ability  of  these  thin  lu¬ 
bricant  films  is  therefore  of  considerable  importance. 

For  example,  naval  aircraft  turbine  engine  bearings 
have  exhibited  severe  corrosion  problems  due  to  the 
harsh  aircraft-carrier  environment  and  have  relied  on 
lubricant  for  corrosion  protection.  Work  has  been  done 
in  the  area  of  developing  lubricant  oils  for  these  bear¬ 
ings  which  have  the  necessary  thermal  stability  for  such 
a  high  temperature  application  without  sacrificing  good 
common-inhibiting  ability.  Efforts  have  also  been 
made  to  develop  additives  to  make  existing  oils  more 
corrorion-inhibitive.  Means  are  necessary  for  testing  the 
effectiveness  of  these  new  lubricants  as  corrosion  inhibi¬ 
tors.  Such  a  testing  means  would  be  useful  in  testing 
lubricants  for  other  applications  such  as  automobiles,  as 
well  as  in  testing  other  liquid  films  as  corrosion  inhibi¬ 
tors. 

The  traditional  method  of  measuring  the  corrosion- 
inhibiting  ability  of  a  lubricant  consists  of  placing  a 
lubricant-coated  specimen  in  a  standard  humidity  cabi- 


detect  the  slight  changes  in  corrosion  rates  that  occur  in 
response  to  changes  in  environmental  conditions. 

Galvanic  cell-type  corrosion  probes  are  currently 
used  to  determine  the  corrosivity  of  a  surrounding  me¬ 
dium.  Such  probes  have  been  used  on  naval  aircraft 
carriers  to  monitor  the  corrosivity  of  the  sea  environ¬ 
ment  due  to  moisture  and  salt  and  are  used  in  the  ab¬ 
sence  of  any  protective  films.  In  operation,  a  thin  film  of 
water  from  the  environment  in  question,  usually  in  the 
form  of  sea  spray,  contacts  the  bare  probe,  acting  as  an 
electrolyte  to  complete  the  galvanic  cel!  formed  by  two 
dissimilar  metals  in  the  bare  probe  separated  by  insula¬ 
tion.  In  other  words,  this  film  of  water  acts  as  a  pathway 
for  current  flow  between  the  surfaces  of  the  dissimilar 
ratals.  Such  probes  have  only  been  used  bare  and  only 
to  measure  the  corrosivity  of  the  environment.  Their 
use  for  measure;  the  corrosion-mhibi  ing  abilities  of 
coatings  has  not  :-een  contemplated,  ncr  ire  they  struc¬ 
turally  suitable  for  such  use. 


Sin  <MARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention  10 
provide  a  method  *nd  an  apparatus  that  can  quantita¬ 
tively  measure  the  corrosioii-inhtbtting  abilities  and 
corrosivity  of  thin  films  of  materials  such  as  lubricants 
and  paints. 

It  is  another  object  to  provide  a  highly  sensitive  sue. 
apparatus  which  exhibits  good  reproducibility  of  test 
results. 

It  is  a  more  particular  object  to  provide  a  method  and 
an  apparatus  which  will  detect  the  initiation  of  corro¬ 
sion  even  before  it  is  visible. 

Another  object  is  to  provide  a  probe  with  enhanced 
sensitivity  which  does  not  require  an  aggressive  artific¬ 
ial  environment  to  product  a  measurable  amount  of 
corrosion  or  oxidation  and  can  therefore  be  used  in  an 
environment  that  more  accurately  reflects  where  the 
material  is  actually  used. 

Still  another  object  is  to  provide  a  method  of  testing 
lubricants  woich  simulates  tnc  actual  drainage  condi¬ 
tions  in  which  the  lubricants  are  used. 

Yet  another  object  is  to  provide  a  method  and  an 
apparatus  which  are  sufficiently  sensitive  to  detect 
43  riight  changes  in  corrosion  rates  beneath  films. 

Briefly,  these  and  other  objects  of  the  invention  are 
accomplished  by  a  method  and  an  apparatus  which  can 
monitor  the  corrosion  beneath  thin  films  of  materials 
...  such  as  lubricants  and  paints.  A  galvanic  cell  is  created 

net  and  measuring  the  amount  of  time  required  for  for-  50  on  a  sloped  sensitive  surface  between  electrically  iso- 
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mation  of  one  or  more  rust  spots.  Another  commonly 
used  method  is  to  expose  lubricant-covered  or  painted 
metal  panels  to  tropical  or  sea  environments  and  then  to 
measure  the  length  of  time  required  for  initiation  of 
visible  corrosion.  These  methods  lack  good  rcproduc 
ibility  and  are  not  quantitative.  They  abordy  on  visual 
identification  of  spots,  whereas  corrosion  is  actually 
present  before  it  becomes  visible. 

A  more  recent  development  in  measuring  the  corre¬ 


lated  surface  areas  of  anodic  and  cathodic  material.  The 
surface  is  then  coated  with  a  film  of  the  material  to  be 
tested  which  is  then  allowed  to  drain  therefrom,  and 
then  cooled  to  below  the  dew  point  of  the  surrounding 
-  33  environment  to  cause  condensation  on  the  film.  The 
galvanic  current  between  the  anodic  and  cathodic  mate¬ 
rials  is  then  monitored  for  the  first  indication  of  envi¬ 
ronmental  penetration  through  the  film,  i.e.,  corrosion. 
These  and  other  objects,  advantages,  and  novel  fea- 


itoo-mhibiting  clULnc:eristic*  of  lubricant,  involve  to  lures  of  the  invention  will  become  apparent  from  the 


suspending  a  lubricant-coated  steel  test  specimen  „  /er 
boiling  acidified  water  and  measuring  the  weight 
change  in  the  specimen  as  a  function  of  hours  of  expo¬ 
sure.  Although  this  method  is  quantitative,  the  corro¬ 
sive  test  conditions  represent  an  acidic  type  of  corrosion  65 
process  not  reflective  of  the  type  of  corrosion  which 
actually  occurs  in  typical  marine  or  tropical  environ¬ 
ments.  These  methods  also  lack  sufficient  sensitivity  10 


following  detailed  description  of  the  invention  when 
considered  in  conjunction  with  the  accompanying 
drawings  wherein: 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  diagrammatic  view  of  the  probe  of  the 
corrosion -monitoring  apparatus  of  the  present  inven¬ 
tion; 
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FIG.  2  xs  a  diagrammatic  view  of  the  sensitive  face  of 
the  probe  shown  in  FIG.  1; 

FIG-  3  is  a  diagrammatic  view  of  the  corrosion  moni¬ 
toring  apparatus  of  the  present  invention  showing  the 
current  measuring  means;  3 

FIG.  4a  is  a  plot  of  corrosion  current  versus  time 
obtained  from  using  the  invention  with  a  cooled  probe; 
and 

FIG.  46  is  a  plot  of  corrosion  current  versus  time 
obtained  from  using  the  invention  with  an  oncooled  10 
probe. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

The  present  invention  provides  a  method  and  ap para-  13 
tus  for  determining  the  coiTOsioo-mhibatmg  properties 
and  the  corrosivity  of  thin  films  of  materials  such  as 
lubricants,  hydraulic  fluids,  greases,  and  solid  films.  The 
method  and  apparatus  are  based  on  the  measurement  of 
the  eocrosioa  current  generated  ekctrochemically  by  a  20 
galvanic  cell  beneath  the  thin  film-  This  current  is  di¬ 
rectly  related  to  the  film's  effectiveness  in  preventing 
corrosion  and,  in  some  cases,  its  tendency  to  cause  cor¬ 
rosion.  ^ 

Referring  now  to  the  drawings  wherein  like  charac¬ 
ters  designate  like  or  corresponding  parts  throughout 
the  several  views,  there  is  shown  in  FIGS.  1, 2,  and  3  a 
corrosion-monitoring  apparatus  10  of  the  present  inven¬ 
tion.  Essentially,  the  apparatus  10  provides  a  probe  12  ^ 
having  an  essentially  flat  sensitive  surface  or  face  14  on 
which  the  film,  such  as  lubricant,  (not  shown)  to  be 
tested  is  disposed.  Sensitive  face  14  is  configured  so  as 
to  expose  thereon  electrically  isolated  surface  areas  14 
and  IS  of  an  anodic  and  a  cathodic  material,  respec-  33 
tively,  so  that  when  the  lubricant  is  disposed  thereon 
and  exposed  to  a  corrosive  environment,  current  is 
generated  between  the  two  materials  when  corrosion 
occurs.  Under  these  circumstances,  to  the  extent  that 
jfhe  lubricant  fails  to  inhibit  corrosion,  condensation  40 
from  the  corroding  environment  breaks  through  or 
penetrates  the  lubricant  and  comes  into  contact  with 
Sensitive  face  14,  acting  as  an  electrolyte,  or  combines 
with  the  lubricant  to  form  an  emulsion  which  acts  as  an 
electrolyte,  creating  a  galvanic  cell  between  the  anodic  45 
and  cathodic  materials.  The  magnitude  of  the  corrosion 
current  thus  generated  directly  relates  to  the  amount  of 
oxidation  occurring  at  sensitive  face  14.  The  current 
value  and  the  known  value  of  anodic  surface  area  14  can 
be  used  to  calculate  the  amount  in  mass  of  anode  cor-  30 
rodtng.  Further  manipulation  of  known  data  provides 
the  corrosion  rate  in  mass  per  surface  area  of  anodic 
material  corroding  and  the  corrosion  rate  over  time. 

Sensitive  face  14  is  best  configured  to  achieve  this 
purpose  by  orienting  a  plurality,  for  example  3.  of  long  33 
narrow  strips  14a-14c  of  anodic  surface  area  14  in  alter¬ 
nating  relationship  with  a  plurality,  for  example  3,  of 
long  narrow  strips  18a-18c  of  cathodic  surface  area  18. 
Strips  14a- 16c  and  18o-18c  are  electrically  isolated  each 
from  the  others  and  are  preferably  parallel  to  one  an-  60 
other  and  also  to  the  horizontal  The  spacing  be.  cen 
adjacent  strips  of  surface  areas  14  and  18  should  be  close 
enough  to  permit  droplets  of  electrolyte  to  bridge  the 
gap  therebetween.  A  distance  of  about  0.8  mm  has  been 
found  to  be  effective.  Sensitive  face  14  should  desirably  63 
have  a  highly  smooth  surface  to  minimize  the  effect  of 
rough  spots  in  accelerating  the  breakdown  of  the  film. 

For  example,  preparing  face  14  by  hand  polishing  it 


with  360-  and  600-grade  silicon  nitride  paper  followed 
by  alcohol  cleaning  provides  sufficient  smoothness. 

Probe  12  is  configured  so  that  sensitive  face  14  slopes 
to  form  an  angle  with  the  horizontal  ranging  from  10  to 
80  degrees,  preferably  about  60  degrees,  permitting 
drainage  of  the  lubricant  from  the  face.  This  feature 
simulates  the  actual  conditions  under  which  the  lubri¬ 
cant  is  providing  corrosion  protection  on  ports  such  as 
aircraft  turbine  engines  and  automobiles  and  also  pro¬ 
vides  consistency  of  film  thickness  and  better  reproduc¬ 
ibility  of  test  results.  Probe  12  may  also  have  a  horizon¬ 
tal  resting  surface  20. 

In  the  preferred  embodiment,  probe  12  comprises  a 
matrix  22  of  insulating  material  which  electrically  iso¬ 
lates  the  anodic  and  cathodic  materials.  Embedded 

/ithin  matrix  22  are  a  plurality,  for  example  three,  of 
plates  24o-24c  of  anodic  material.  Each  anodic  rlate  24 
b  r  ectricaUy  isolated  from  the  others  by  be-  <  com- 
pk  ely  surrounded  by  matrix  22,  except  one  dgc  of 
each  anodic  plate,  which  forms  one  each  of  su;ps  16a, 
144,  and  14c  of  surface  area  16  00  sensitive  face  14. 

Abo  et  -xldcd  within  matrix  22  are  a  plurality,  for 
example  3,  of  plates  24a-26c  of  cathodic  material.  Ca¬ 
thodic  plates  24  re  m  an  alternating  relationship  with 
anodic  plates  24.  Each  cathodic  plate  24  b  electrically 
isolated  from  the  other  cathodic  plates  and  anodic 
plates  24  by  being  completely  surrounded  by  matrix  22. 
except  one  edge  of  each  cathodic  plate,  which  for** 
ooe  each  of  strips  18a,  184,  and  18c  of  surface  ire*  18  os 
sensitive  face  14. 

The  selection  of  anodic  and  cathodic  materials  b 
governed  by  their  relative  electrochemical  potentials. 
The  greater  the  electrochemical  potential  difference  the 
greater  the  corrosion  in  a  given  environment.  A  pre¬ 
ferred  anode-cathode  combination  b  an  iron  alloy  cou¬ 
pled  with  a  copper  alloy,  respectively. 

The  insulating  materia.1  of  matrix  22  may  be  n^y  good 
insulator  which  b  water-impenetrable  and  forms  a  good 
bond  with  plates  24  and  26,  to  prevent  seepage  of  the 
lubricant  or  electrolyte  between  the  plates.  For  exam- 
pie,  matrix  22  may  be  en  epoxy  or  may  be  cloth  impreg¬ 
nated  with  an  epoxy.  To  provide  the  spacing  between 
plates  24  and  24,  the  matrix  may  also  comprise  teflon 
plates  (not  shown)  embedded  in  the  epoxy  and  posi¬ 
tioned  in  alternating  relationship  with  the  plates. 

A  cooling  means  28  may  be  operatively  connected  to 
sensitive  face  14  for  coding  the  face  to  a  temperature 
below  the  ambient  dew  point  temperature.  Cooling 
means  28  may  be  a  hollow  tube,  such  as  of  aluminum, 
embedded  within  matrix  22  with  the  open  ends  thereof 
external  to  the  matrix,  for  carrying  liquid  therethrough 
which  has  a  temperature  below  that  of  the  dew  point  of 
the  surrounding  environment.  Any  means  which  will 
cool  sensitive  surface  14  so  as  to  cause  condensation 
thereon  will  suffice.  Cooling  face  14  accelerates  the 
onset  of  corrosion  as  well  as  provides  better  reproduc¬ 
ibility  of  test  results. 

To  measure  the  corrosion  current  generated  between 
surface  areas  16  and  18,  plates  24  are  each  commonly 
connected  to  a  first  conducting  means  or  wire  30  and 
plates  24  are  each  commonly  connected  to  a  second 
conducting  means  or  ware  32.  Wires  30  and  32  are  elec¬ 
trically  connected  to  a  means  34  for  measuring  the  cur¬ 
rent  therebetween.  Current  measuring  means  34  may  be 
any  means  for  measuring  relatively  small  a.'  ounts  of 
current,  the  smaller  the  current  *hat  can  be  me  mre  the 
more  sensitive  the  devtce  to  the  first  signs  of  tonc.ion. 
For  example,  as  shown  in  FIG.  3.  current  measuring 


4,994,159 


10 


mean*  34  may  be  a  zero  resistance  ammeter  comprising 
*  potent** tat  36  in  which  the  potenuii  between  the 
working  (w)  and  the  counter  (c)  terminals  thereof  are 
adjusted  to  zero.  A  standard  resistance  box  38  is  con¬ 
nected  between  the  reference  (r)  and  the  counter  (c) 
terminals  to  convert  the  current  into  a  potential  drop 
for  amplification  and  recording.  Current  variations  of 
up  to  three  orders  of  magnitude  can  be  recorded  easily 
with  such  an  arrangement  without  changing  the  resis¬ 
tance  between  the  reference  (r)  and  the  counter  (c) 
terminals.  A  100-kohm  resistor  is  adequate  to  measure 
current  in  the  range  of  0.01  to  10  mA.  Using  sensitive 
measuring  means  allows  current  to  be  measured,  indi¬ 
cating  the  onset  of  corrosion,  long  before  any  visible 
ngns  of  corrosion  would  be  present  ^  1. 

As  stated  above,  means  may  be  operatively  con¬ 
nected  to  the  output  of  current  measuring  meins  34  for 
calculating  the  mam  of  anodic  material  corroding  by 
dividing  the  corrosion  current  by  the  known  value  of 
anodic  »uxf»ce  art,  14.  Mean*  msy  xUo  be  incorporated  20 
for  cafculitug  the  corrode  rate  m  mat.  per  surface 
area  of  anodic  material  corroding  and  for  calculating 
the  corrosion  rate  over  tune.  All  such  calculating 
are  known  to  those  skilled  in  the  art 

In  operation,  probe  U  is  best  used  in  a  controlled  25 
environment  such  as  an  environmental  chamber  for 
good  reproducibility  of  test  results.  The  temperature 
and  humidity  in  the  chamber  are  adjusted  to  known  or 
predetermined  values,  providing  it  with  a  known  dew 
point  temperature.  The  lubricant  or  other  thin  film  of  30 
m«mul  to  be  tested  (not  shown)  is  corned  onto  pro- 
pared  sensitive  face  14  and  allowed  to  drain  ofT.  jimulat- 
mg  the  actual  conditions  under  which  the  lubricant  is 
relied  upon  to  inhibit  corrosion.  A  liquid  coolant  (not 
ahown)  is  then  circulated  through  cooling  means  28. 
Condensation  then  occurs  on  the  surface  of  the  lubri- 
cant  due  to  the  relative  temperatures  of  the  chamber 
and  cooled  face  14.  Corrosion  eventually  occurs  as  the 
funfs  ability  to  provide  a  barrier  between  the  condensa- 
***  ^sensitive  face  14  diminishes,  and  the  condensa-  to 
noobreak*  through  or  penetrates  the  film.  Current  then 
begins  to  flow  as  the  condensation,  cither  alone  or  in 
combination  with  the  lubricant,  begins  to  behave  as  an 
electrolyte,  bridging  the  gap  between  adjacent  ones  of 

W  ****  ***  creating  galvanic  cells  therebe-  45 
tween.  The  corrosion  current,  which  correlates  directly 
to  the  amount  of  corrosion  taking  place,  is  then  moni¬ 
tored  by  current  measuring  n^my  34, 

Various  mineral  oils  were  tested  according  to  the 
method  and  the  apparatus  of  the  present  invention.  The  50 
P*™cular  probe  12  used  for  the  tests  was  formed  from 
anodic  pUtes  24  of  SAE  4130  steel  and  cathodic  plate* 

26  °(  coppfr-  Plate*  24  and  24  were  approximately  140 
mm  long,  25  mm  wide,  and  0.8  mm  thick.  Actual  con¬ 
struction  involved  alternately  placing  the  steel  and  cop-  55 
per  plates  24  and  26  in  an  aluminum  mold  so  that  the 
in  5p^jng-  bctwecn  was  approximately  0.8  mm. 
Aner  soldering  wire  leads  30  to  each  plate  24  and  wire 
leads  32  to  each  plate  26,  the  assembly  was  potted  using 
a  two-part  epoxy  system.  The  epoxy  was  built  up  60 
around  the  metal  plate  assembly  to  form  matrix  20, 
encasing  each  of  p^tes  24  and  26  therein,  but  leaving 
°?f  on  face  14.  The  soldered  end 

or  leads  30  and  32  were  also  encased  in  matrix  20.  Cool¬ 
ing  means  28  was  incorporated  into  probe  12  by  encas¬ 
ing  a  hollow  aluminum  tube  in  the  epoxy  matrix  20  so 
CIKis  of  thc  mbe  remained  external  to  pi  co<_ 

«.  The  resulting  probe  12  was  further  shaped  to  pro- 
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vide  the  resting  surface  20  at  a  60-degree  angle  with 
sensitive  face  14. 

Sensitive  face  14  of  probe  12  was  then  prepared  by 
hand  polishing  it  with  360-  and  600-gnde  silicon  nitride 
paper,  followed  by  alcohol  cleaning.  A  surface  deacti¬ 
vation  step  then  followed  that  involved  coating  face  14 
with  a  film  of  distilled  water  for  5  minutes,  after  which 
the  face  was  towel  dried  and  ready  for  use. 

The  current  measuring  means  34  used  was  a  zero 
resistance  ammeter  constructed  using  a  potentiosut  36 
(Aardvark  Model  PEC-1)  in  which  the  potential  be¬ 
tween  the  working  (w)  and  counter  (c)  terminals  wu 
adjusted  to  zero.  Standard  resistance  box  38  was  con¬ 
nected  between  the  reference  (r)  and  thc  counter  (c) 
terminals  to  convert  the  current  into  a  potential  drop 
for  amplification  and  recording. 

The  environmental  chamber  used  in  the  tests  was 
provided  with  a  100%  relative  humidity  and  possibly  a 
certain  level  of  mist  by  allowing  air  that  was  previously 
heated  and  saturated  with  water  vapor  at  an  elevated 
temperature  to  flow  at  a  rate  of  4.3  liters/minute 
through  the  chamber.  This  was  achieved  by  initially 
bubbling  comprised  air  through  1  liter  of  distilled 
water  to  remove  impurities  and  then  through  3  liters  of 
distilled  water  maintained  at  40*  C.  Probe  12  wu  placed 
in  the  chamber  and  face  14  wu  coated  with  a  film  of  the 
mineral  oil  to  be  tested,  which  wu  then  allowed  to 
drain  down  the  slope  of  the  face  for  3  minutes.  In  some 
of  the  tests,  antifreeze  at  13*  C.  wu  then  circulated 
through  hollow  tube  28,  causing  condensation  directly 
on  the  lubricant  film.  In  other  of  the  tests  probe  12  wu 
left  uncooled. 

The  results  obtained  using  corrosion  monitoring  ap¬ 
paratus  10  to  test  the  various  mineral  oils  are  repre¬ 
sented  in  FIGS.  4a  and  46.  which  show  plots  of  the 
corrosion  current  versus  time  for  the  cooled  and  un¬ 
cooled  probe,  respectively.  A  comparison  of  the  two 
figures  shows  that  using  the  cooled  probe  not  only 
accelerates  the  test,  but  also  reduces  corrosion  current 
transients,  u  represented  by  the  fewer  number  of  peaks 
—  valleys  in  the  cooled  probe  curves.  This  reduction 
in  current  transients  allows  for  better  reproducibility  of 
test  results.  This  difference  in  performance  could  be  due 
to  the  fact  that  the  film  of  condensation  relied  upon 
when  using  the  uncooled  probe  results  from  droplets  of 
condensation  which  fall  from  the  lid  of  the  environmen¬ 
tal  chamber,  providing  an  uneven  and  inconsistent  film, 
whereas  the  cooled  probe  causes  an  even  film  of  con¬ 
densation  to  form  directly  on  face  14. 

Some  of  the  many  advantages  and  novel  features  of 
Ihe  invention  should  now  be  readily  apparent.  For  in¬ 
stance,  an  apparatus  and  a  method  have  been  provided 
for  quantitatively  measuring  the  corrosion-inhibiting 
ability  of  thin  films  of  materials.  The  corrosion-monitor¬ 
ing  apparatus  of  the  present  invention  can  detect  corro¬ 
sion  before  any  visible  signs  thereof  are  present.  Addi¬ 
tionally  it  has  good  reproducibility  and  high  sensitivity, 
being  able  to  detect  slight  changes  in  corrosion  rates. 
Furthermore,  the  present  invention  does  not  require  an 
aggressive  artificial  environment  to  produce  a  measur¬ 
able  amount  of  oxidation  or  corrosion  and  can  therefore 
measure  corrosion  in  more  realistic  environments  that 
are  reflective  of  where  the  material  is  actually  used. 
Furthennore,  it  simulates  the  actual  drainage  conditions 
of  lubricants  in  use  with  aircraft  turbine  engine  bear¬ 
ings,  for  •xamplc. 

Other  embodiments  ana  modifications  of  the  present 
invention  may  readily  come  to  those  of  ordinary  skill  in 
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the  art  having  the  benefit  of  the  teachings  presented  in 
the  foregoing  description  and  drawings.  Therefore,  it  is 
to  be  understood  that  the  present  invention  is  not  to  be 
limited  to  such  teachings  presented,  and  that  such  fur¬ 
ther  embodiments  and  modifications  are  intended  to  be  3 
included  within  the  scope  of  the  appended  claims. 

What  is  claimed  is: 

1.  Apparatus  for  monitoring  the  corrosion  beneath  a 
thin  film  of  lubricant  exposed  to  a  humid  environment 
having  a  known  dew  point  temperature  comprising:  10 
a  matrix  of  insulating  material  having  an  essentially 
flat  sensitive  bevelled  face  oriented  at  an  angle  with 
the  horizontal  ranging  from  10  to  SO  degrees,  on 
which  the  thin  film  of  lubricant  is  to  be  disposed; 
a  plurality  of  electrically  isolated  surface  areas  cf  15 
anodic  material  disposed  on  the  sensitive  face; 
a  plurality  of  electrically  isolated  surface  areas  of 
cathodic  material  disposed  on  the  sensitive  face  in 
alternating  relationship  with  the  anodic  surface 
areas;  20 

a  first  conducting  means  connected  to  each  of  the 
anodic  surface  areas; 

a  second  conducting  means  connected  to  each  of  the 
cathodic  surface  areas;  and 

means  electrically  connected  to  said  first  and  said  25 
secood  conducting  means  for  measuring  the  cur¬ 
rent  generated  therebetween,  the  current  being  the 
corrosion  current  generated  at  the  sensitive  face 
beneath  the  thin  film  of  lubricant. 

2.  The  apparatus  of  claim  1  wherein  the  angle  of  the  30 
sensitive  face  with  the  horizontal  ranges  from  50  to  70 
degrees. 

3.  The  apparatus  of  claim  1  wherein  the  angle  of  the 

sensitive  face  with  the  horizontal  is  approximately  60 
degrees.  33 

A  The  apparatus  of  claim  1  wherein  the  anodic  and 
the  cathodic  surface  areas  are  substantially  long  and 
•arrow  in  shape. 

5.  The  apparatus  of  claim  4  wherein  the  anodic  and 
the  cathodic  surface  areas  are  substantially  parallel  to  40 
each  other. 

6.  The  apparatus  of  claim  5  wherein  the  anodic  and 
the  cathodic  surface  areas  are  substantially  parallel  to 
the  horizontal. 

7.  The  apparatus  of  claim  1  further  comprising  means  45 
operatively  connected  to  the  sensitive  face  for  cooling 
the  face  to  a  temperature  below  the  dew  point  tempera¬ 
ture  such  that  condensation  forms  on  the  thin  film  of 
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point  temperature  such  that  condensation  forms  on 
the  thin  film  of  lubricant; 

a  first  conducting  means  connected  to  each  of  said 
anodic  plates; 

a  second  conducting  means  connected  to  each  of  said 
cathodic  plates;  and 

means  electrically  connected  to  said  first  and  said 
second  conducting  means  for  measuring  the  cur¬ 
rent  generated  therebetween,  the  current  being  the 
corrosion  current  generated  at  the  sensitive  face 
beneath  the  thin  film  of  lubricant 

f.  The  apparatus  of  claim  8  wherein  the  angle  be- 
tw*~*i  the  horizontal  face  and  the  sensitive  face  ranges 
from  50  to  70  degrees.  _ 

10.  The  l  ,  pantos  of  claim  8  wherein  the  angle  be¬ 
tween  the  horizontal  face  and  the  sensitive  face  is  ap¬ 
proximately  60  degrees. 

11.  The  apparatus  of  claim  8  wherein  said  anodic  and 
cathodic  plates  are  substantially  parallel  to  each  other. 

IX  The  apparatus  of  claim  11  wherein  said  anodic 
and  cathodic  plates  are  substantially  parallel  to  the  hori¬ 
zontal  face. 

IX  The  apparatus  of  claim  C  wherein  the  distance  on 
the  sensitive  face  between  adjacent  ones  of  said  anodic 
and  cathodic  plates  is  less  than  1  mm. 

14.  The  apparatus  of  claim  8  wherein  the  distance  on 
the  sensitive  face  between  adjacent  ones  of  said  anodic 
and  cathodic  plates  is  approximately  0.8  mm. 

15.  The  apparatus  of  claim  8  wherein  said  cooling 
means  comprises  a  hollow  tube  embedded  in  said  matrix 
for  carrying  a  liquid  at  a  predetermined  temperature 
below  the  dew  point  temperature. 

16.  The  apparatus  of  claim  8  wherein  said  anodic  and 
cathodic  materials  have  a  large  electrochemical  poten¬ 
tial  difference  therebetween. 

17.  The  apparatus  of  claim  8  wherein  said  anodic 
material  is  an  iron  alloy  and  said  cathodic  material  is  a 
copper  alloy. 

18.  The  apparatus  of  claim  8  wherein  the  insulating 
material  is  resistant  to  water  penetration  and  forms  a 
«rrong  bond  with  said  anodic  and  cathodic  materi?]*. 

IS.  The  apparatus  of  claim  8  wherein  said  matrix 
comprises  an  epoxy. 

20.  The  apparatus  of  claim  10  wherein  said  matrix 
further  comprises  Teflon  plates  embedded  in  said  epoxy 
and  positioned  in  alternating  relationship  with  said  an¬ 
odic  and  cathodic  plates. 


fchricant.  21.  The  apparatus  of  claim  8  wherein  said  matrix 

X  Apparatus  for  monitoring  the  corrosion  beneath  a  50  comprises  epoxy-impregnated  cloth 
tfam  film  of  lubricant  exposed  to  a  humid  environment  2X  The  apparatus  of  claim  21  w herein  said  n^itrix 


having  a  known  dew  point  temperature,  comprising:  further  comprises  Teflon  plates  embedded  in  said 

a  matrix  of  insularing  material  having  a  substantially  epoxy-impregnated  doth  and  positioned  in  alternating 

horizontal  face  and  an  essentially  flat  sensitive  face  relationship  with  said  anodic  and  cathodic  plates, 
adjacent  thereto  and  forming  an  angle  therewith  55  23.  A  method  for  monitoring  the  corrosion  beneath  a 

ranging  from  10  to  80  degrees,  on  which  the  thin  thin  film  of  lubricant  comprising  the  steps  of: 
film  of  lubricant  is  to  be  disposed;  providing  an  essentially  flat  sensitive  bevelled  face 

a  plurality  of  plates  of  an  anodic  Serial  embedded  oriented  at  an  angle  with  the  horizontal  ranging 

within  said  matrix  and  positioned  such  that  each  of  from  10  to  80  degrees  and  having  disposed  thereon 

said  anodic  plates  is  surrounded  by  said  matrix  with  60  a  plurality  of  electrically  isolated  anodic  and  ca- 

one  edge  forming  part  of  the  sensitive  face;  thodic  surface  areas  in  an  alternating  relationship; 

a  plurality  of  plates  of  a  cathodic  material  embedded  coating  the  sensitive  face  with  the  thin  film  of  lubri- 
within  said  matrix  in  alternating  relationship  with  cam  and  allowing  the  lubricant  to  drain  therefrom; 

the  anodic  plates  and  positioned  such  that  ecch  of  exposing  the  coated  face  to  a  humid  environment 

said  cathodic  plates  is  surrounded  by  said  matrix  65  having  a  known  dew  point  temperature; 
with  one  edge  forming  part  of  the  sensitive  face;  cooling  the  coa*ed  *are  to  a  temperature  below  the 

means  operatively  connected  to  the  sensitive  face  for  dew  poim  tempera; are.  causing  condensation  to 

cooling  the  face  to  a  temperature  below  the  dew  form  on  the  thin  film  of  lubricant;  and 
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measuring  the  current  generated  between  the  anodic 
and  cathodic  surface  areas,  the  current  being  the 
*  corrosion  current  generated  at  the  sensitive  face 
beneath  the  thin  film  of  lubricant, 

24  The  method  of  claim  23  wherein  the  angle  of  the 
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sensitive  face  with  the  horizontal  ranges  from  approxi¬ 
mately  30  to  70  degrees. 

25.  The  method  of  claim  23  wherein  the  angle  of  the 
sensitive  face  with  the  horizontal  is  approximately  60 
degrees. 
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